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ABSTRACT 

We present stellar parameters and abundances of 11 elements (Li, Na, Mg, Al, Si, 
Ca, Ti, Cr, Fe, Ni, and Zn) of 13 F6-K2 main-sequence stars in the young groups 
AB Doradus, Carina Near, and Ursa Major. The exoplanet-host star t Horologii is 
also analysed. 

The three young associations have lithium abundance consistent with their age. All 
other elements show solar abundances. The three groups are characterised by a small 
scatter in all abundances, with mean [Fe/H] values of 0.10 (cr = 0.03), 0.08 (cr = 0.05), 
and 0.01 (cr = 0.03) dex for AB Doradus, Carina Near, and Ursa Major, respectively. 
The distribution of elemental abundances appears congruent with the chemical pattern 
of the Galactic thin disc in the solar vicinity, as found for other young groups. This 
means that the metallicity distribution of nearby young stars, targets of direct-imaging 
planet-search surveys, is different from that of old, field solar-type stars, i.e. the typical 
targets of radial velocity surveys. 

The young planet-host star t Horologii shows a lithium abundance lower than that 
found for the young association members. It is found to have a slightly super-solar 
iron abundance ([Fe/H]=0.16±0.09), while all [X/Fe] ratios are similar to the solar 
values. Its elemental abundances are close to those of the Hyades cluster derived from 
the literature, which seems to reinforce the idea of a possible common origin with the 
primordial cluster. 

Key words: Stars: abundances - Galaxy: open clusters and associations: individual: 
AB Doradus, Carina Near, Ursa Major - Stars: individual: i Horologii - Stars: low- 
mass - Techniques: spectroscopic 



1 INTRODUCTION 

During the last twenty years, a dozen of young (<500 
Myr) nearby (<200 pc) associations ( or co-moving stellar 
groups) have been identified (see, e.g.. |j Vlontes et al] 1200 li 
IZuckerman et alj2004 iTorres et al.ll200Sl) . Although numer- 
ous kinematical studies have confirmed their existence, their 
origin and evolution remain still unclear (see lLiu et alj[20l3 . 
and references therein). Representing valuable laboratories 
to investigate the recent star formation in the solar vicinity, 
the measurement and study of their chemical composition 
are important to put constraints on their origin and evolu- 
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tionary history, but also for the exo-planetary research. On 
one side, elemental abundances of a-elements (but also iron- 
peak elements) in young associations can provide evidence 
of recent local enrichment; on the other side, since planets 
are assumed to form from circumstellar discs during the pre- 
main sequence phase, obvious questions arise on what the 
metallicity of young solar analo gs and what fraction of them 
(if any) is metal-rich (see, e.g.. lBiazzo et af]|2011al . and ref- 
erences therein). Yet, so far, only a few studies have been 
focused on the determination of elemental abundances in 
such stellar groups (see Section [2}. 

Many studies have shown that giant gaseous planets are 
preferentially found around main-seq uence solar-type stars 
more metal-rich than the Sun (e.g., Ijohnson et al.l |2010| . 
and references therein) . In particular, the frequency of giant 
planets around stars of twice the solar metallicity is around 
30%, in contrast to the ~ 3% for stars with solar or sub- 
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solar iron content (e.g., iFischer fe Valentill2005l ; ISousa et al.l 
l201ll). Such a trend seems to have a primordial/basic ori- 
gin (jGilli et alJl200d ). but presents several caveats. First, 
giant stars hosting planets do not ap pear on average mor e 
metal-rich than stars without planets |Pasquini et al.|[2007T ) . 
and this could hint that st ellar mass strongly influences the 
planet formation process l|Santos et al J 12012 ). Second, the 
trend is no longer valid for iron a bundances rang ing from 
[Fe/H]=-0.7 to [Fe/H]=-0.3 dex (|Havwoodll2009l ). Third, 
the nature of such a trend in the early stages of planet for- 
mation is still unknown. Regarding the latter point, the dis- 
persal efficiency of circumstellar (or proto-planetary) discs, 
the planet birthplace, is pre dicted to depend on metallic- 
itv tercolano fc Clarke|[201Cf ). In a recent study. lYasui et all 
l|2010l ) have found that the disc fraction in significantly low- 
metallicity clusters ([0/H]~ —0.7) declines much faster (in 
< 1 Myr) than observed in solar- met allicity clusters (i.e. in 
~ 5 — 7 Myr). They suggest that, as the shorter disc life- 
time reduces the time available for planet formation, this 
could be one of the reasons for the strong planet-metallicity 
connection. 

In this paper, we investigate the abundances of 11 
elements (lithium, iron-peak, a, and other odd-/even- Z 
elements) in 13 F6-K2 main-sequence stars belonging to 
the young associations AB Doradus, Carina Near, and 
Ursa Major. The case of i Horologii (a young exoplanet- 
host star) is also investigated. Some of these associa- 
tions were already studied in terms of some elemen- 
tal abundances by several authors (e.g., Desidera et al.l 
2006bl; iPaulson fc Yeldal l200d: IViana Almeida et al l 120091 ; 



Ammler-von Eiff fc Guentherll2009h , but no effort has been 
done to widely characterise their chemical content. Recently, 
in a companion paper, we have reported the s-process ele- 
ment (yttrium, zirconium, lanthanum, cerium, and barium) 
abundance determination of the same targets in our sam- 
ple (with the only exception of HIP 36 414), with the aim t o 
investigate possible over-abundances (|D'Orazi et al.l [2012T ) . 
We have found that while Y, Zr, La, and Ce exhibit solar 
ratios, Ba is over-abundance by ~0.2 dex; we have hence ex- 
ploited effects related to the stratification in temperature of 
model atmospheres, NLTE corrections, and chromospheric- 
related effects as p ossible explan a tions for this scenario. 
Thus, the study of iD'Orazi et all l|2012h and the present 
complementary work represent the first efforts done to sys- 
tematically derive many elemental abundances in young as- 
sociations. 

A brief overview of previous investigations in the se- 
lected young associations is given in the following of this 
Section. Section [2] presents the selection of the stellar sam- 
ple and observations. Abundance analysis techniques are de- 
scribed in Section [31 while the results are presented in Sec- 
tion [4] and discussed in Section [5] Summary and conclusions 
are given in Section [5] 

1.1 The AB Doradus group 

The AB Dora dus (hereafter , AB D or) stellar group was first 
postulated bv lTorres et al.l (|2003h in the SACY (Search for 
Associations Containing Young stars) pro ject with the des- 
ignati on of AnA, and then identified by IZuckerman et ahl 
(2004) as the co-moving youthful (~ 50 Myr) group closest 
to Earth. They also claimed its nucleus is a clustering of 



a dozen F-M type members ~ 20 pc from Earth that in- 
cludes the ultra-rapi d rotator, active binary star AB Dor. 
iLuhman et al.l (|2005l ) argued that the AB Dor association 
is a remnant of the large-scale star formation event that 
formed the Pleiades, and estimated a n age of 75-150 My r 
(this older age was also confirmed by iMessina et all 120101 ). 
The common origin of the AB Do r and the Pleiades a ssoci- 
ations has been later reinforced bv lOrtega et all \200H ). Re- 
cently, iTorres et al.l (|2008f ) presented the 89 high-probable 
members of AB Dor, of which 29 are binaries, and derived 
a dista nce of 34 ± 26 pc and an ag e of 70 Myr. More re - 
cently, IZuckerman et al.1 l^OHl ) and ISchlieder et all (|2012l ) 
found other likely members of the AB Dor group, which in- 
clude early-type stars, an M dwarf triple system, and three 
very cool objects. 



1.2 The Carina Near group 

The Carina Near association was identified by 
IZuckerman et alj (2006) as a group of about 20 co-moving 
200±50 Myr old stars, where all but three are plausible 
members of multiple stellar systems. The nucleus, at ~30 
pc from Earth, seems to be farther than the surrounding 
stream stars, and is located in the southern hemisphere 
and coincidentally quite close to the nucleus of the AB Dor 
group, notwithstanding that the t wo groups have different 
ages and Galactic space motions (|Zuckerman et all |2004| . 
l2006ft . 



1.3 The Ursa Major group 

The Ursa Major (hereafter, UMa) association in the Big 
Dipper constellation is located at a distance of ~25 pc. It 
includes ~ 50 most probable members placed across almost 
the whole northern sky that move toward a common conver- 
gent point. T he age estimates range widely from 200 Myr to 
600 Myr (see I Ammler-von Eiff fc Guentherll2009l . and refer- 
ences therein). 



1.4 The exoplanet-host star i Horologii 

The young exoplanet-host star l Horologii (|Kiirster et al.l 
2000) has been studied by many authors during the last 
decade, in particular for the implications on theories of stel- 
lar and planetary formation and possible rel ationship with 
metallicity. It belongs to the Hyades stream (|Vauclair et al.l 
2008), which is composed by field- like stars (85%) and stars 
evaporated from the primordial Hyades cluster (15%). Re- 
cent asteroseismic studies suggest that iHor was formed 
within the primordial ~ 600 Myr-old Hyades cluster and 
then evaporated tow ard its present location, 40 pc away (see 
IVauclair et al.| [2008. and references therein) . The same stud- 
ies show that the metallicity, helium abundance, and age are 
similar to those of the Hyades cluster. 



2 SAMPLE SELECTION, SPECTROSCOPIC 
DATABASE, AND DATA REDUCTION 

In this work, we determine elemental abundances of 13 con- 
firmed members of young moving groups, distributed as fol- 
lows (see Table [l}: 
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Table 1. Data from the literature. 



Star 


a 


8 


V 


B-V SpT 7T 


Vrad 




v sin i 


Note 


References" 




(hh:mm:ss) 


(":':») 


(mag) 


(mag) (mas) 


(km s- 1 ) 


(mA) (km s _1 ) 














AB Doradus 












TYC 9493-838-1 


07:30:59.5 


-84:18:27.8 


9.96 


0.86 G9 14.1 


24.2±0.8 


300 


3.0±0.1 




[4], [8] 


HIP 114530 


23:11:52.1 


-45:08:10.6 


8.80 


0.72 G8 20.3±1.1 


11.2±1.3 


220 


6.6±1.2 


Binary 


[2],[4],[6] 


1 YO 5155-15U0-1 


19:59:24.2 


—04:32:06.2 


9.43 


U.75 Go 10.5 




140 


9.0±2.0 




L 4 J , L8J , Lioj 


HIP 82688 


16:54:08.1 


-04:20:24.7 


7.82 


0.60 GO 21.4±0.9 


-16.91±2.20 


133 


16.8±0.6 




[21, [61, [71, [91 

LI 1 L J ' L J ' I J 


TYC 5901-1109-1 


05:06:27.7 


-15:49:30.4 


9.12 


0.63 F8 12.3 




140 


6.0±2.0 




[4], [8], [10] 










Carina Near 












HIP 37923 


07:46:17.0 


-59:48:34.1 


8.23 


0.83 K0 33.5±3.5* 


17.0±1.0 


76 


3.2±1.2 


Wide Binary 


[3], [5], [6] 


HIP 37918 


07:46:14.8 


-59:48:50.7 


8.14 


0.78 K0 25.7±1.7* 


17.0±1.0 


110 


6.3±1.2 


Wide Binary 


[3], [5], [6] 


HIP 58241*** 


11:56:43.8 


-32:16:02.7 


7.81 


0.67 G3 34.3±6.4** 


6.7±0.3 


110 


9.0±1.2 


Wide Binary 


[5], [11], [12] 


HIP 58240*** 


11:56:42.3 


-32:16:05.4 


7.64 


0.64 G3 28.6±6.4** 


6.0±0.4 


111 


5.2±1.2 


Wide Binary 


[5],[H],[12] 


HIP 36414 


07:29:31.4 


-38:07:21.6 


7.74 


0.52 F7 19.0±0.5 


28.0±2.0 


80 




Single 


[5], [6] 










Ursa Major 












HD 38392 (7 Lep B) 


05:44:26.5 


-22:25:18.8 


6.15 


0.94 K2 112.0 


-9.57±0.13 




2.8±1.8 




[1],[3],[6] 


HIP 27072 (7 Lep A) 


05:44:27.8 


-22:26:54.2 


3.60 


0.47 F6 112.0 


-9.22±0.12 




7.7±1.8 




[1],[3],[6] 










Hyades stream? 












HIP 12653 Hor) 


02:42:33.5 


-50:48:01.1 


5.40 


0.57 F8 58.3 


16.7±0.2 


40 


6.2±1.2 




[4], [6] 



a [l l: lMontes et alj j200ll): [2 l: IZuckerman et al l J2004F) ; [3 1 : iDesidera et all j2006al) : [4l:lTorres et all i2006h ; [ 51: IZuckerman et all 
<2006ft ; [61: Ivan Leeuwenl d2007h : [7l: IWhite et all .2007^81: iTorres et all j200Sh; [91 : i Guillout et all J200SF ); [101 : Ida Silva et all 1 120091) : 

rilh lTokovinii] toll ); [121 : 1 Anderson et all l l2012ll 

*, ** Hipparcos parallaxes of visual binaries have often large errors. Physical association between the components is confirmed by 

common proper motions and rad ial velocities. 
*** HIP 58240B=HIP 58241 have a possible close companion jTokovininll2011j) that is too faint to contribute significantly to the optical 

spectrum and affect our abundance analysis. 



• Five stars belong to AB Doradus. Two of them (namely, 
HIP 114530 and TYC 9493 -838-1) were also analysed by 
IViana Almeida et all (|2009l ) within the SACY project, in 
terms of iron, silicon, and nickel abundances. Thus, they 
can be used as comparison targets. 

• Five stars in the Carina Near group. Three stars 
(namely, HIP 36414, HIP 37198, and HD 37923), with radial 
velocities in the range ~ 17 — 28 km s~\ belong to the clus- 
ter nucleus, while HIP 58240 and HIP 58241 are probable 
"strea m" members wi t h a rad ial velocity of ~6 km s _1 . Re- 
cently, Dcsidcr a et all (|2006bl ) estimated the iron abundance 
of HD 37923 and HD 37918. 

• Two stars in the Ursa Major group, namely 7 Lep A 
(HIP 27072) and 7 Lep B (HD 38392) Only their iron 
abund ance has been recen t ly me asured bv lPaulson fc Yeldal 
l|2006h and lRamfrez et all (|2007l ). 

• 1 Horologii, for which the abundances of a few elements 
were derived in the recent past (see Table [4}. 

The sample was selected according to the following cri- 
teria: 

• dwarf stars with spectral types from late-F to early- 
K. Later spectral types were excluded because at effective 
temperatures lower than ~4500 K significant formation of 
molecules occurs and abundance determinations through 
line equivalent widths become unreliable; 

• stars with projected rotational velocity lower than 15 
km s _1 , to avoid line blending due to rotational broadening; 

• no double-lined spectroscopic binary; 



• no close visual binary to avoid contamination in the 
spectrum. 

For our a nalysis we exploited stellar spectra obtained 
with FEROS (|Kaufer et alJll999ft at the ESO/MPG 2.2m 
telescope. Five spectra were acquired as part of the program 
aimed at the spectroscopic chara cterisation of target s for 
the SPHERB__@ESO GTO survey dMouillet et alll2010l) : the 
spectra of HIP 27072 (7 Lep A) and HD 38392 (7 Lep B) 
were taken from lDesidera et all l|2006al ). while the remaining 
spectra were retrieved from the ESO Science ArchiveQ. 

The data reduction was performed using a modified ver- 
sion of the FEROS-DRS pipeline (running under the ESO- 
MIDAS context FEROS) through the following reduction 
steps: bias subtraction and bad-column masking; definition 
of the echelle orders on flat-field frames; subtraction of the 
background diffuse light; order extraction; order- by-order 
flat-fielding; determination of wavelength-dispersion solu- 
tion by means of ThAr calibration lamp exposures; order- 
by-order normalisation; re-binning to a linear wavelength- 
scale with barycentric correction; merging of the echelle or- 
ders. In the end, the final signal-to-noise (S/N) ratio of the 
wavelength-calibrated, merged, normalised spectra is in the 
range 80-250. 



1 SPHERE (Spectro-Polarimctric High-contrast Exoplanet RE- 
search) is a next generation instrument that will have as prime ob- 
jective the discovery of extra-solar giant planets orbiting nearby 
stars by direct imaging. 

2 http://archive.eso.org/eso/eso_archive_main.html 
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The FEROS spectra cover the range 3600-9200 A at the 
resolution R — 48 000. This wide spectral range allowed us 
to select 125+11 Fe I+Fe II lines, as well as spectral features 
of a, iron-peak, and other elements (see Sect. [3]). 



3 ABUNDANCE MEASUREMENTS 

3.1 Lithium 

Lithium equivalent widths (EWs) were measured by di- 
rect integration or by deblending the observed line pro- 
files using the IRAF task SPLOT. Then, lithium abundances, 
lo g n(Li), were derived by interpolating the curves-of-growth 
of lSoderblom et all (|l993h at the stellar T e s and log g deter- 
mined spectroscopically as described in Section \3A\ 

3.2 Iron-peak, a, and other elements 

Elemental abundances of Na, Mg, Al, Si, Ca, Ti, Cr, Fe, 
Ni, and Zn were derived from the measurements of line 
EWs (see Sec tion [33)) using the 2010 version of MOOG 
jSnedenlll973h and assuming local thermodynamic equilib- 
rium (LTE). Radiative and Sta rk broadenings are treate d 
in a standard way in MOOG (|Barklem fe O'Maral [l997^ . 
while for collisional broadening we used the lUnsoldl (fl955h 
approximation. iKurucd (|l993l ) grids of plane-parallel model 
atmospheres were used. 

3.3 Line list, solar analysis, and equivalent widths 

We adopted the line list of Biazzo et al. (2011a, 
and referen ces therein) integrate d with lines from 
other lists dClementini et alj [20001; iBensby et alj 120031 ; 
iD'Orazi fe Randichll2009l : ID'Orazi et al.ll2009l ). We refer to 
those papers for details on atomic parameters and their 
sources. The complete line list is given in Table Al. 

Our analysis was performed differentially with respect 
to the Sun. We analysed a solar (sky) spectrum acquired 
with FEROS, using our line list and the solar parame- 
ters (7^_^_5770JC log. q = 4.44, e = 1-1 km s _1 ; 
see iRandich et"ai1l2006l ; Ib iazzo et aUl2011al ). and obtained 
logn(Fe i) =7.5O±O.O5 and logn(Fe n) Q =7.50±0.06. With 
the aforementioned solar parameters, logn(Fe 1)0 vs. EW 
and x did not show any significant trends, implying that 
the assumed effective temperature and microturbulence 
represent quite well the corresponding real solar values. 
The results for all the elemen ts are reported in Ta ble [2] 
together with those given by iGrevesse et alj (| 19961 ) and 
lAsplund et ail (|2009l ). The latter values were obtained using 
3D models. Our determinations are in good agreement with 
those from the literature (Table |2J. 

The line EWs of the ta rget stars were m easured using 
the automatic code ARE^| jSousa et al.ll2007n . Very strong 
lines {EW ^ 150 mA), which are heavily affected by the 
treatment of damping, were excluded; furthermore, a 2-er 
clipping criterion was applied to the initial Fe I line list be- 
fore determining stellar parameters (Section 13. 4p and iron 
abundance. Thus, for a given star, lines from the initial line 

3 http://www.astro.up.pt/~sousasag/ares/ 



Table 2 . Comparison between solar abundances we derived using 
Kurucz (1993) model atmospheres and the standard values from 
Grevesse et al. (1996) and Asplund et al. (2009). 



Element 


log ^ ATLAS 


log ™G96 


log «AS09 


Na 1 


6.36±0.07 


6.33±0.03 


6.24±0.04 


Mgl 


7.53±0.09 


7.58±0.05 


7.60±0.04 


Al 1 


6.48±0.06 


6.47±0.07 


6.45±0.03 


Si 1 


7.59±0.04 


7.55±0.05 


7.51±0.03 


Ca 1 


6.35±0.08 


6.36±0.02 


6.34±0.04 


Ti 1 


4.97±0.06 


5.02±0.06 


4.95±0.05 


Ti 11 


4.97±0.10 






Cr 1 


5.63±0.04 


5.67±0.03 


5.64±0.04 


Fe 1 


7.50±0.05 


7.50±0.04 


7.50±0.04 


Fe II 


7.50±0.06 






Ni 1 


6.26±0.07 


6.25±0.01 


6.22±0.04 


Zn 1 


4.52±0.01 


4.60±0.08 


4.56±0.05 



list having a dispersion larger than a factor of two the rms 
were excluded. Abundances of other elements were derived 
using the same criteria. 

3.4 Stellar parameters: effective temperature, 
micro-turbulence velocity, and surface gravity 

Initial effective temperatures T e s were set to the values ob- 
tai ned from the spectral types l isted in Table [T] by applying 
the lKenvon fe Hartmannl l|l995h calibrations. Then, final ef- 
fective temperatures were determined by imposing the con- 
dition that the abundance from Fe I lines does not depend 
on the excitation potential of the lines. These temperatures 
are reported in Tableland represent the values adopted for 
the abundance analysis. 

To infer the micro-turbulence velocity £, we first as- 
sumed 1.5 kms -1 as initial value, and then imposed that the 
abundance from Fe I lines was independent on line EWs. Fi- 
nal va lues of £ are listed i n Tab le B] As also found bv lPadgett] 
(1996) and J anies et all ( 2006). the derived microturbulence 
is higher than the values for main sequence dwar fs of similar 
temperature. As stressed bv lSantos et al.l (|2008l ), the cause 
for this behavior is stil l unclear, but it may be rela ted to 
chromospheric activity l)Steenbock fe Holwegeriri98ll ). 

We estimated the surface gravity log<? by imposing the 
Fe i/Fe 11 ionisation equilibrium. The initial value was set to 
log g = 4.4 (e.g., almost the solar value) . Final values of log g 
are listed in Table [4] For comparison, we have computed 
the stellar surface gravity using the following relationship: 
log g = log g Q + log(M/M ) + 4 log(T cff /T® ) - log(L/L ), 
where a solar gravity of 4.44 dex, a solar effective temper- 
ature of_5770 K, a solar bolometric magnitude of 4.64 mag 
j|Coxl l2000), and a relation L/L = (M/M ) 3 5 between 
stellar luminosity and mass were adopted. We have verified 
that our final values (listed in Table |4j third column) are in 
good agreement (within 0.1 dex) with those derived through 
parallax measurements. 

3.5 Error budget 

The quality of the measured line EWs depends on the spec- 
tral resolution, the S/N ratio of the spectrum, the defini- 
tion of the photospheric continuum adjacent to the line, 
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and the projected rotational velocity of the star. The high- 
resolution, and high S/N of the spectra used in the present 
analysis allowed us to measure lithium EWs in a very ac- 
curate way. Uncertainties in the lithium abundance derived 
through curves-of-growth are assessed by varying the input 
parameters, i.e. the EWs, effective temperatures, and surface 
gravities within their error bars. Considering the typical un- 
certainties of ±5 mAin lithium EWs, of ±60 K in T e ff, and 
of 0.1 dex in log<? (see below), the resulting total error in 
logn(Li) amounts typically to less than ~ 0.10 dex. Mor- 
ever, in three stars (namely, HIP 82688, TYC 5155-1500-1, 
and HIP 27072), the Li I A6707.8 mA line is blended with 
the Fe I A6707.4 mA line, leading to an overestimation of the 
lithium EWs. Taking advantag e of the empirical correc tion 
to the lithium line reported bv lSoderblom et al.l (|l993T ). we 
estimated 0.02 — 0.06 dex (i.e. 1 — 2%) as the uncertainty 
in the lithium abundance due to the iron contribution; this 
contribution is negligible when compared to the other error 
sources. 

Elemental abundances of all other elements are affected 
by random (internal; i.) and systematic (external; ii.) er- 
rors, i. Sources of internal errors include uncertainties in 
atomic and stellar parameters, and measured EWs. Uncer- 
tainties in atomic parameters, such as the transition proba- 
bility (logg/), should cancel out, since our analysis is car- 
ried out differentially with respect to the Sun. Errors due to 
uncertainties in stellar parameters (T e s, l°gff) were esti- 
mated first by assessing errors in stellar parameters them- 
selves and then by varying each parameter separately, while 
keeping the other two unchanged. We found that variations 
in T e ff larger than 60 K would introduce spurious trends 
in logn(Fe) versus the excitation potential (x), while varia- 
tions in £ larger than 0.1 km s _1 would result in significant 
trends of logn(Fe) versus EW, and variations in log g larger 
than 0.1 dex would lead to differences between logn(Fe i) 
and logn(Fe n) larger than 0.05 dex. The above values were 
thus assumed as uncertainties in stellar parameters. Errors 
in abundances (both [Fe/H] and [X/Fe]) due to uncertain- 
ties in stellar parameters are summarised in Table [3] for 
the coolest (HD 38392) and one of the warmest (HIP 27072) 
stars in our sample. As for the errors due to uncertainties 
in EWs, our spectra are characterised by different S/N ra- 
tios. As a consequence, random errors in EW are well rep- 
resented by the standard deviation around the mean abun- 
dance determined from all the lines. These errors are listed 
in Table |4] where uncertainties in [X/Fe] were obtained by 
quadratically adding the [Fe/H] error and the [X/H] error. 
When only one line was measured, the error in [X/H] is the 
standard deviation of three independent EW measurements. 
The number of lines employed for the abundance analysis is 
listed in Table [4] in parentheses, ii. External or systematic 
errors, originated for instance by the code and/or the model 
atmospheres, should not influence largely o ur final abun- 
dance measurements (see lBiazzo et al . 2011a, and references 
therein). 



4 RESULTS 

4.1 Lithium abundance 

In Fig. Q] we show the lithium abundance versus the spec- 
troscopic effective temperature listed in Table [4] 
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Figure 1. Lithium abundance versus effective temperature for 
all our sample. Typical errors in T e ff and log ra(Li) are over- 
plotted on the bottom-right corner of the panel. The dotted line 
at logn(Li) = 3.31 marks the meteoritic abundance of lithium. 
The two solid lines represent the lower and upper limits for the 
Pleiades stars, while dash-dotted and dashed lines indicate the 
upper limits for the UMa and Hyades groups, respectively, as 
adopted by Zickgraf et al. (2005; see also references therein). 



The members of the Ursa Major and Carina Near 
groups lie between the lower an d upper envelopes of th e 
Pleiades stars, as also found by Zuckcrm an et all |2006), 
and close to the UMa upper envelope, with the exception of 
HD 38392 which is slightly below the UMa envelope at cooler 
temperatures. The similarity between our UMa and Carina 
Near sample in the log n (Li) — T e ff diagram could be an in- 
dication of similar ages among the clusters. On the other 
hand, the AB Dor members show mean lithium abundance 
of ~ 3.2 dex, without evidence of decreasing trend with tem- 
perature. Their position is close to the Pleiades upper en- 
velope, confirming their younger age when compared to the 
other associations. Finally, iHor shows logn(Li) = 2.56 dex, 
confirming the older age of the star as compared with the 
other clusters (see Section l"l.4[l . Its logn(Li) value is slightly 
below the Hyades upper envelope and close to the Pleiades 
lower envelope at its effective temperature. 

4.2 Abundances of iron-peak, a-, and other 
elements 

4.2.1 Fe 

In Fig.[2]we show the iron abundance ([Fe/H]) as a function 
of T e ff for the three associations and for iHor. Since we 
obtain similar Fe I and Fe II abundances for the whole sample 
(see Tableland top- left panel in Fig. [2}, henceforth we will 
consider [Fe i/H] as iron abundance. 

For the AB Dor group we derive an average iron 
abundance of [Fe/H]=0.10 ± 0.03 dex, which is well in 
agreement with the value of [F e /H]= 0.04 ± 0.05 dex re- 
ported by IViana Almeida et al.l ([2009). In particular, for 
the two stars in common with us, the differences between 
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Table 3. Internal errors in abundance determination due to uncertainties in stellar parameters for the coolest star (namely, HD 38392) 
and for one of the warmest (namely, HIP 27072) in our sample. Numbers refer to the differences between the abundances obtained with 
and without the uncertainties in stellar parameters. 



HD 38392 


T cff = 5100 K 


logs = 4.6 


£ = 1.5 km/s 


A 


AT off = -/ + 60 K 


A logs = -/ + 0.1 


A£ = -/ + 0.1 km/s 


[Fe i/H] 


-0.02/0.01 


-0.01/0.00 


0.01/-0.02 


[Fe n/H] 


0.06/-0.05 


-0.08/0.07 


0.01/-0.01 


[Na/Fe] 


-0.02/0.03 


0.02/-0.01 


0.00/0.01 


[Mg/Fe] 


0.01/0.00 


0.02/-0.02 


0.00/0.00 


[Al/Fe] 


-0.01/0.02 


0.02/-0.01 


0.00/0.01 


[Si/Fe] 


0.05/-0.03 


-0.01/0.03 


0.00/0.02 


[Ca/Fe] 


-0.04/0.04 


0.04/-0.03 


0.01/0.00 


[Ti i/Fe] 


-0.06/0.06 


0.02/-0.01 


0.02/-0.02 


[Ti n/Fe] 


0.04/-0.03 


-0.05/0.05 


0.00/0.01 


[Cr/Fe] 


-0.03/0.04 


0.03/-0.01 


0.02/0.00 


[Ni/Fe] 


0.02/-0.01 


-0.01/0.02 


0.01/0.00 


[Zn/Fe] 


0.04/-0.03 


-0.03/0.02 


0.01/-0.01 



HIP 27072 


T cff = 6350 K 


logs = 4.3 


£ = 1.6 km/s 


A 


AT off = -/ + 60 K 


A logs = -/ + 0.1 


A§ = -/ + 0.1 km/s 


[Fe i/H] 


-0.04/0.04 


0.00/0.00 


0.01/-0.02 


[Fe u/H] 


0.01/-0.01 


-0.04/0.04 


0.02/-0.02 


[Na/Fe] 


0.01/-0.01 


0.01/0.00 


0.00/0.02 


[Mg/Fe] 


0.01/-0.01 


0.01/-0.01 


0.01/0.01 


[Al/Fe] 


0.01/-0.02 


0.00/0.00 


-0.01/0.01 


[Si/Fe] 


0.02/-0.02 


0.00/0.00 


0.00/0.02 


[Ca/Fe] 


0.00/0.00 


0.02/-0.01 


0.02/0.00 


[Ti i/Fc] 


-0.01/0.01 


0.00/0.00 


-0.01/0.01 


[Ti n/Fc] 


0.04/-0.04 


-0.04/0.04 


0.00/0.01 


[Cr/Fe] 


-0.01/0.00 


0.00/0.00 


0.00/0.00 


[Ni/Fe] 


0.00/0.00 


0.00/0.00 


0.01/0.01 


[Zn/Fe] 


0.01/-0.01 


0.00/0.01 


0.03/-0.01 



our values and theirs are: AT a g =69 K, Aloggr =0.07 dex, 
A£ =0.27 km s"\ A[Fe/H]=0.06 dex (TYC 9493-838-1) 
and ATrff =50 K, A log 3 =0.10 dex, A£ =0.18 km s" 1 , 
A[Fe/H] = -0.02 dex (HIP 114530). The (small) differences 
are within the uncertainties and they can be attributed 
to the different line lists and a-clipping criteria used. In 
addition, the mean iron abundance we find for AB Dor 
(e.g., [Fe/H]=0.10 ± 0.03) is slig htly larger than that of 
the Pleiades ([Fe/H]=0.04 ± 0.03; lAn et all [20071 . and ref- 
erences therein). However, considering possible systematic 
differences between abundance analysis performed in dif- 
ferent way, this does not role out the direct link bet ween 
AB Dor and Pleiades discussed bv lOrtega et~aH (|2007T ). 

The Carina Near group shows a mean iron abundance 
of [Fe/H]=0.08 ±0.06 d ex. For the two stars in common with 
iDesidera etafl l|2006bl ), we find similar values both in stellar 
parameters and in [Fe/H]. 

For the UMa members, we obtain a mean iron abun- 
dance of [Fe/H]=0.03 ± 0.02 dex, which is close to recent re- 
sults obtained through si milar spectroscopic meth ods (see, 
e.g., the recent findings bv lPaulson fe Y clda 2006). Despite 
the low statistics, we can cautiously highlight the small 
abundance sc atter of the UMa group, as also c laimed in 
a recent work (|Ammler-von Eiff fe Guentherll2009l ). We find 



that the (solar) iron abundance of the UMa gro up is very 
close to that of the Pleiades ([Fe/H]=0.04 ± 0.03; lAn et all 
120071 , and references therein). In particul ar, the UMa stars 
in our samp le were recently analy sed by iPaulson fe Yeldal 
(2006) and H ami'rez et al.l | |2007r ) through spectroscopic 
methods similar to ours, and all results agree within the 
errors. 

The planet-host star iHor shows [Fe/H]=0.16 ± 0.09 
dex. The case of this star will be discussed in Section 15.31 

4.2.2 Mg, Si, Ca, and Ti 

The a-elements, such as magnesium, silicon, calcium, and 
titanium, are primarily produced in the aftermath of explo- 
sions of type II supernovae, with a sm all contribution from 
type la SNe l|Wooslv fe Weaverll 19951 ). 

The abundances of a-elements are listed in Table [4] 
and plotted in Fig. [2] The figure shows that there is no 
star-to-star variation for the different elements, which show 
solar [X/Fe] values, with the only possible exception of 
Ti 11, for which slight NLTE effects may be present (see 
iD'Orazi fe Randichl 120091 , iBiazzo et all l2011al lbl. for thor- 
ough discussions on this issue). Therefore, we consider as 
titanium abundance the one obtained from Ti I. 



Abundances of low-mass stars in nearby young associations 7 



The average silicon abundance we find for AB Dor is 
in goo d agreement with the results of IViana Almeida et al.l 
(2009), who derived mean [Si/Fe]= -0.07 ± 0.05 dex. In 
particular, for the two stars in common, the mean difference 
is only 0.02 ± 0.04 dex. 

In iHor, the abundance ratios of cv-elements with re- 
spect to iron are in t heir solar proportions, as also found by 
iPaulson et ail l|2005t) for Hyades F-K dwarfs. 



2005), ABDoradus, Carina Near, and Ursa Major show a 
similar abundance pattern. This suggests that the gas from 
which they formed did not undergo a peculiar enrichment, 
confirming the findings by Biazzo et al. (2011b; see their 
Fig. 10). This suggests that these nearby associations are 
representative of the current abundance (in all elements 
analysed here) of the Galactic thin disc in the solar neigh- 
bourhood. 



4.2.3 Cr and Ni 

Iron-peak elements are synthesised by SNIa explosions. In 
particular, Cr varies tighly in lockstep with iron at all 
[Fe/H], while Ni se ems to show an upturn at [Fe/H]> 
i|Bensbv et al]|2003l ). 

We measured the abundances of Cr and Ni as iron-peak 
elements; their values are plotted in Fig. [2] as a function of 
T c ff. Also in this case, all [X/Fe] values are consistent with 
the solar abundances, with very small scatter (Table [4]). 

The average nickel abundance we derive for the 
AB Dor group is in good agreement with the results by 
IViana Almeida et all (|2009l ), i.e. <[Ni/Fc]>= -0.06 ± 0.10 
dex. In particular, for the two stars in common with us, the 
mean difference is only —0.01 ± 0.06 dex. 



4.2.4 Zn 

Zinc is a volatile element which appears to behave similarly 
to the a-elements. 

The [Zn/Fe] ratio is slightly lower than the solar value 
for all associations, while for tHor we fin d solar abundance, 
in agreement with IPaulson et alj (|2003l ) for Hyades F-K 
dwarfs. 



4.2.5 Na and Al 

Sodium and alu minium are thought to be produced in SNc 
II and SNe Ib/c (|Nomoto et al.ll 19841 ) as a consequence of Ne 
and Mg burnings in massive stars through NeNa and MgAl 
chains. 

We plot the abundances of Na and Al relative to Fe 
versus T e g in Fig. [2] The abundance ratios of Na and Al 
of the studied sample with respect to Fe are in their solar 
proportions (similar result was found bv lPaulson et al.l 2003 
for the sodium abundance of Hyades dwarfs) . 



5 DISCUSSION 

5.1 Elemental abundances of young associations 
in the Galactic disc 

Each component of the Milky Way (bulge, halo, thin/thick 
disc) presents a characteristic elemental abundance pat- 
tern, whose differences reflect a variety of star formation 
histories. In our case, the small elemental abundance dis- 
persion of the three associations studied here agrees with 
other recent investigations conducted both in star- forming 

Biazzo et alj 2011al) and in 



5.2 Are nearby young associations good 
candidates to search for exo-planets? 

The results of abundance analysis of young stars show 
that none of the young associations or moving groups with 
available metallicity determin a tion is extremely metal-rich 
(see, e.g.. [Santos et all 120081; IViana Almeida et alj 120091 ; 



regions (e.g.. ISantos et al1l2008l ; 

nearby young associations (e. 



Viana Almeida et all [20091 ; 



lAmmler-von Eiff fe Guentherll2009h . W hen compared with 
local field stars of the thin Galactic disc l|Soubiran fe Girardl 



iBiazzo et al.ll2011al lbl: iD'Orazi et al.1 l201ll : and this work) 
Members of nearby young moving groups are the best tar- 
gets for planet searches using direct imaging techniques. Sur- 
veys focusin g on these targets were performed in the past 
years (e.g., Kasper et~al"1 120071 ; IChauvin et al.l l2010h and 
next generation direct imaging instruments, like SPHERE 
and GPfl will also intensively observe these stars. How- 
ever, it is emerging that the metallicity distribution of 
nearby young stars studied in direct imaging surveys is 
differ ent from that of sampl es of radial velocity survey 
(e.g., Fis cher fe ValentH |2005). Such metallicity distribu- 
tion is characterised by a significantly lower dispersion 
and a slightly lower mean metallicity. As suggested by 
iLivio fe Pringlerl (|2003l ). metallicity may play an impotant 
role in the migration history of planets. Thus, the lack of 
nearby, young super-metal-rich stars complicates the com- 
parison of the results of planet searches around these stars 
with those from radial velocity surveys. First of all, because 
the low metallicity dispersion of young star^j makes it chal- 
lenging to investigate any trend in the frequency of giant 
planets at wide separations with metallicity. Second, because 
the statistical interpretation of the results of direct imaging 
surveys is often done by comparing the observed frequencies 
or upper limits with extrapolations of the results of radial 
velocity surveys. 

The slightly sub-solar metallicity of nearby young as- 
sociations cannot be explained in terms of radial Galacto- 
centric migration, as th ey are younger th an ~ 600 Myr. In 
the scenario devised by iHavwoodl (|2009l ) , giant planet for- 
mation could be favored at Galactocentric radii where the 
density of the molecular hydrogen, the primary constituent 
of planets, is higher (in particular, at the position of the 
molecular ring). In this case, one might expect a paucity of 
giant planets around young stars as compared to older stars, 
originating closer to the Galactic centre. 



4 Gemini Planet Imager 

5 The ~30 Myr old planet host HR 8799 was found to have sub- 
solar metallicity ([Fe/ H]=— 0.5), but w ith the abundance pattern 
typical of A Boo stars (Sadakanc 2006), in which the low metal- 
licity is usually ascribed to the details of the star's accretion and 
atmosp heric physics rather tha n an initial low metallicity of the 
system llGrav fe Corbally||2002l ) . 
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Figure 2. [Fe/H] and [X/Fe] versus T e ff. In the [Fe/H] plot, filled and empty symbols refer to Fe I and Fe II abundances, respectively. 
The meaning of the symbols is explained in the top-left panel. Different lines refer to regions of ±1<t around the average, as indicated in 
the top-left panel. The horizontal error bar drawn in all plots represents the typical uncertainty in T e g . 
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5.3 The case of iHor: a metal-rich planet-host 
star in the Hyades stream 

For this target, we derive T c ft=6200 K, logy =4.5, 
[Fe i/H]=0.16±0.09 dex, [Fe n/H]=0.15±0.09 dex, and 
[X/H](=[X/Fe] + [Fe/H]) higher than the Sun (see Table©. 
Our values of astrophysical parameters and elemental abun- 
dances are in very good agreement with the recent liter- 
ature value s listed in Table O with the only exception of 
iBond et all l|2006l Vs results, who found lower [Fe/H]. This 
agreement confirms that this star is more metal-rich than the 
Sun at the ~ 2a level. Although this is still marginally con- 
sistent with what is expected from statistical fluctuations, 
some discussion of this object would be merited. 

As we mentioned in the Introduction, iHor is a 
young planet-host star most probably formed within 
the primordial Hyades star cluster and then evaporated 
towards the present position. Its iron abundance is very 
close to the value of the Hyades cluster (i.e. 0.13±0.05; 
iPaulson et ail 12003) . but also its [X/Fe] are in agreement 
with the mean cluster values (i.e. <[Na/Fe]>=0.01±0.09, 
<[Mg/Fe]>=-0.06±0.04, <[Si/Fe]>=0.05±0.05, 

<[Ca/Fe]>=0.07±0.07, <[Ti/ Fe1 >=0. 03±0.05, 

<[Zn/Fe]>=-0.06±0.06; IPaulson et all |2003h . This 
supports the idea that the origin of the over-metallicity 
and over-abundance in all other elements (i.e. [X/H]) is 
primordial, and not due to planet accretion, i.e. iHor 
seems to be formed together with the other Hyades stars, 
at the same time and in the same primordial cloud. This 
will have important implications both for theories of 
star/exopl anet formation and for cluster formation and 
evolution (|Vauclair et al.1120081 '). 



taken into account for a proper interpretation of the results 
of direct-imaging planet searches, whose primary targets will 
be young nearby stars. 
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6 CONCLUSIONS 

In this paper, we presented abundance measurements of 
iron-peak elements, a-elements, and other odd-Z and even-Z 
elements in three young nearby associations (AB Doradus, 
Carina Near, and Ursa Major) and in the giant-planet host 
l Horologii. To this aim, we used FEROS high-resolution 
spectra. Our main results can be summarised as follows: 

(i) Lithium abundance of all stars is consistent with their 
age. 

(ii) The three associations AB Doradus, Carina Near, and 
Ursa Major have mean iron abundances of [Fe/H] =0.10 ± 
0.03, 0.08 ± 0.05, and 0.01 ± 0.01, respectively (where the 
error is the standard deviation on the average). These asso- 
ciations are characterised by small scatter in all elemental 
abundances. 

(iii) The distribution of elemental abundances of the three 
associations is consistent with the thin disc population of the 
Galaxy. 

(iv) For l Horologii, we find [Fe/H]=0.16±0.09 confirming 
its metal-richness. 

(v) None of the members of the three nearby associations 
considered here is found to be super metal-rich (i.e. with 
highly super-solar metallicity). This confirms the general 
property of young nearby stars, i.e. that their metallicity 
differs from that of old, field, solar-type stars, which repre- 
sent so far the most extensively planet-surveyed sample by 
radial velocity studies. This fact will have necessarily to be 
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Table 4. Astrophysical parameters and elemental abundances derived from our analysis. 



T off logo £ 
(K) (km/.) 



[Fo I/H] 
(dcx) 



[Fc Ii/H] 
(dox) 



[Na/Fc] 
(dcx) 



[Mg/Fc] 
(dox) 



[Al/Fc] 
(dex) 



[Si/Fo] 
(dcx) 



[Ca/Fc] 
(dcx) 



[Ti I/Fe] 
(dcx) 



[Till/Fo] <[Ti/Fe]>* 
(dex) (dcx) 



[Cr/Fc] 
(dcx) 



[Ni/Fc] 
(dcx) 



[Zn/Fc] 

(dcx) (ml) 



logn(Li) 
(dex) 



TYC 9493-838-1 
HIP 114530 
TYC 5155-1500- 
HIP 82688 



5450 
5600 
5800 
6100 



TYC 5901-1109-1 6200 4 



1.8 0.06±0. 10(117) 0.08±0. 13(10) -0.03±0. 15(3) -0. OliO. 15(2) 0.03±0.13(2) 
1.6 O.lliO. 09(118) O.lliO. 10(10) -0.04±0.11 (3) 0. OliO. 12(2) 0.03i0.12(2) 

1.9 O.lOiO. 09(108) O.lliO. 10(8) -0.03±0. 1 1 (3) -0.03i0. 13(2) 0.15i0.16(2) 
1.9 0.13±0. 09(54) 0.15i0.10(6) -0. 11±0. 13(1) -0.05i0. 13(1) 0.07i0.11(2) 
1.5 0.12±0. 09(117) 0.14±0. 08(10) -0. 13±0. 12(3) -0.08±0. 14(2) -0.08±0. 16(2) 



AB Doradus 
-0.06±0. 13(10) 
-0.06±0. 11(12) 
-0.08±0. 11(10) 
-0.14i0.14(7) 
-0.09±0. 12(11) 



0.03±0. 14(11) 
0.03±0. 13(10) 
O.OliO. 15(10) 
-0.10±0.14(9) 
O.OOiO. 15(13) 



-0.04±0. 14(13) 
0.02±0. 11(12) 
0.06±0. 14(12) 

-0.03±0.12(7) 
0.03±0. 13(11) 



0.11±0.17(3) 
0.10i0.14(2) 
0.04i0.19(2) 
0.02i0.17(3) 
-0.09i0.15(2) 



0.04±0.23 
0.06±0.18 
0.05±0.24 
O.OOiO. 21 
-0.03±0.19 



0.05±0. 13(11) 
O.OOiO. 11(10) 
-0.04±0.13(3) 
-O.lliO. 14(10) 
0.03±0. 12(11) 



-0.07±0. 17(35) 
-0.06±0. 14(38) 
-0.09±0. 14(34) 
-0.18±0. 17(23) 
-O.lOiO. 14(34) 



-0.02±0.12(1) 
-0.04i0.12(l) 
-O.lliO. 10(1) 
-0.14i0.14(l) 
-O.lliO. 11(1) 



228 
217 
143 
142 
130 



3.15 
3.24 
2.97 
3.23 
3.24 



0.10±0.03 



0.12i0.03 



-0.07±0.05 



-0.03±0.03 



0.04±0.08 



-0.09i0.03 



-0.01±0.05 



-0.03±0.04 



0.02±0.04 



-0.01±0.06 



-0.10±0.05 



-0.08±0.05 



HIP 37923 
HIP 37918 
HIP 58241** 
HIP 58240 
HIP 36414 

Average 



5450 4.6 1.5 0.12±0. 09(113) 0. 10±0. 11(10) -0.05±0. 16(3) 

5550 4.7 1.7 0.09±0. 09(113) 0.09±0. 12(10) 0.02i0.11(3) 

5800 4.6 1.7 0.02±0. 07(99) 0.03±0. 07(11) -0.03±0.11 (3) 

5900 4.6 1.6 0.03±0. 09(114) 0.02±0. 09(10) -0.07±0. 16(3) 

6350 4.5 2.4 0.14±0. 12(55) 0.16±0.13(8) 



0.08±0.05 



0.08±0.06 



0.00±0.16(2) 
0.05±0.14(2) 
0.01±0.13(2) 
0.05±0.15(2) 
-0.03±0.19(1) 

0.02±0.03 



-0. 01±0. 14(2) 
0.06±0.15(2) 
0.05±0.13(2) 

-0.07±0.14(2) 
0.09±0.14(1) 

0.02±0.06 



Near 
-0.03±0. 11(10) 
-0.02±0. 11(10) 
0.03±0.12(9) 
-0.05±0. 11(10) 
0.05±0.18(4) 

0.00±0.04 



-0.02±0. 13(10) 
-0. 01±0. 13(10) 
0.04±0. 15(11) 
0.02±0. 13(10) 
0.03±0.20(6) 

0. 01±0. 03 



-0.02i0. 12(12) 
0.02i0. 13(12) 
O.OOiO. 12(13) 
0.03i0. 13(13) 

-0. OliO. 14(2) 

-0.02i0.02 



O.OOiO. 15(2) 
0.06i0.14(2) 
0.02i0.17(2) 
0.05i0.15(3) 
-0.11i0.17(2) 



0.04i0.19 
0.04i0.19 
0. OliO. 21 
0.04i0.20 
-0.06i0.22 

0. OliO. 04 



0.05i0. 14(10) 
0. OliO. 13(10) 
0.02i0. 12(11) 
■0.02i0. 11(11) 
-0.08i0.17(3) 

O.OOiO. 05 



-0.04i0. 14(37) 
-0.02i0. 16(37) 
-0.07i0. 14(37) 
-0.07i0. 14(36) 
-0.11i0.20(9) 

-0.06i0.03 



-O.lOiO.ll(l) 
-0.14i0.11(l) 
-0.05i0.11(l) 
-O.lliO.ll(l) 



68 
114 
113 
114 

84 



2.11 
2.54 
2.77 
2.88 
3.05 



Ursa Major 

HD 38392** 5100 4.6 1.5 0.02i0. 09(97) 0. OliO. 13(8) -0.06i0. 12( 1) -0.02i0. 14(1) 0.08i0.13(2) -0.07i0. 13(9) 0.06i0.15(7) 0.03i0. 16(12) 0.12i0.15(l) 0.08i0.22 0.03i0.17(5) -0.06i0. 15(33) -0.08i0. 13(1) 10 0.92 

HIP 27072** 6350 4.3 1.6 O.OOiO. 09(75) O.OOiO. 11(10) -0. 10i0.13(3) 0.03i0.14(l) 0.10i0.13(l) 0.02i0.11(8) 0.07i0. 15(13) -0.05i0.13(8) -0.06i0.22(2) -0.05i0.26 -0. OliO. 12(10) -0.05i0. 13(30) -0. 15i0. 11(1) 68 2.92 



l Horologii (Hyadcs stream) 

HIP 12653 6200 4.5 1.5 0. 16i0.09(l 1 1) 0. 15i0. 09(10) -0.02i0. 13(3) 0.06i0.18(l) -0.06i0. 13(2) 0. OliO. 12(10) -0.02i0. 13(1 1) -0. OliO. 13(12) -0.03i0. 14(3) -0.02i0.19 O.OOiO. 12(11) -0.03i0. 14(36) -0.04i0. 12(1) 38 2.56 



* Average of [Til/F e] and [Till/Fe]. 

* The astrophysical parameters of these stars, also reported in D'Orazi ct al. i 2012), were revised. The results are slightly different but consistent within the errors. 



Table 5. Astrophysical parameters and elemental abundances of tHor from the literature and from this work. 



5 

(km/s) 



[Fc I/H] 
(dex) 



[Fc II/ H] 
(dex) 



[Na/H] 
(dex) 



[Mg/H] 
(dex) 



[Al/H] 

(dex) 



[Si/H] 
(dex) 



[Ca/H] 
(dex) 



[Ti I/H] 
(dex) 



[Till/H] 
(dex) 



[Cr/H] 
(dex) 



[Ni/H] 
(dex) 



[Zn/H] 
(dex) 



6150±70 0.14±0.10 0.12±0.08 

6252±53 4.61±0.16 1.1S±0.10 0.26±0.06 

6150 4.37 0.14 

6097 4.34 0.11 

6017±22 4.32±0.16 1.50±0.16 0.01±0.07 

0.195±0.056 

6227±26 4.53±0.06 1.29±0.03 0.19±0.02 

60S0±80 4.40±0.06 0.15±0.07 

6200±60 4.5±0.1 1.5±0.1 0.16±0.09 0.15±0.09 



0.13±0.04 
0.24±0.01 



0.15±0.06 



0.13±0.09 
0.19±0.01 



0.17±0.09 0.23±0.14 0.14±0.15 0.14±0.18 0.16±0.13 0.12±0.11 0.05±0.1S 



0.1 9 ±0.0 4 
0.148 

0.08 0.10 0.07 

0.06±0.05 -0.17±0.05 0.09±0.07 0.07±0.13 -0.02±0.12 

0.19±0.05 0.17±0.11 0.26±0.07 

0.208±0.038 0.175±0.055 0.167±0.036 0.158±0.051 0.103±0.100 0.160±0.070 



0.15±0.04 
0.14±0.09 



0.14±0.08 
0.21±0.16 



0.11±0.02 
0.10±0.10 



0.17±0.03 
0.17±0.08 



0.19±0.03 
0.14±0.09 



0.20±0.04 
0.15±0.09 



Santos ct al. (2004) 
^ fig® 
TCTarsak'ov (2005) 



0.07 

-0.03±0.06 0.03±0.04 

0.16±0.07 0.19±0.06 
0.142±0.054 



0.16±0.02 0.19±0.02 
0.13±0.12 0.16±0.08 



0.18±0.03 

0.13±0.11 0.12±0.09 




APPENDIX A: LINE LIST 

This paper has been typeset from a T^rjX/ WT^X. file prepared 
by the author. 



Table Al. Wavelength, elements, excitation potential, and oscil- 
lator strength. 



A 

(A) 




Element 


X 

(eV) 


logg/ 


5682 


63 


Na I 


2 


102 


-0 


700 


6154 


23 


Na I 


2 


102 


-1 


610 


6160 


75 


Na I 


2 


104 


-1 


310 


7657 


60 


Mg I 


5 


110 


-1 


280 


8310 


30 


Mg I 


5 


930 


-1 


090 


6696 


02 


Al I 


3 


143 


-1 


499 


6698 


67 


Al I 


3 


143 


-1 


950 


5701 


10 


Si I 


4 


930 


-2 


050 


5948 


54 


Si I 


5 


082 


-1 


230 


6091 


92 


Si I 


5 


871 


-1 


400 


6125 


02 


Si I 


5 


614 


-1 


570 


6142 


48 


Si I 


5 


619 


-1 


480 


6145 


02 


Si I 


5 


616 


-1 


440 


6414 


98 


Si I 


5 


871 


-1 


100 


6518 


73 


Si I 


5 


954 


-1 


500 


6555 


46 


Si I 


5 


984 


-1 


000 


7003 


58 


Si I 


5 


960 


-0 


870 


7235 


34 


Si I 


5 


610 


-1 


510 


7918 


40 


Si I 


5 


950 


-0 


610 


7932 


40 


Si I 


5 


960 


-0 


470 


5512 


98 


Ca I 


2 


933 


-0 


480 


5581 


97 


Ca I 


2 


523 


-0 


671 


5601 


28 


Ca I 


2 


526 


-0 


523 


5867 


56 


Ca I 


2 


933 


-1 


610 


6102 


72 


Ca I 


1 


879 


-0 


862 


6122 


22 


Ca I 


1 


886 


-0 


386 


6161 


30 


Ca I 


2 


523 


-1 


293 


6166 


14 


Ca I 


2 


521 


-1 


156 


6169 


04 


Ca I 


2 


523 


-0 


804 


6169 


56 


Ca I 


2 


526 


-0 


527 


6455 


60 


Ca I 


2 


523 


-1 


424 


6499 


65 


Ca I 


2 


523 


-0 


818 


7148 


15 


Ca I 


2 


710 





137 


7326 


16 


Ca I 


2 


930 


-0 


230 


4805 


42 


Ti I 


2 


345 





150 


4820 


41 


Ti I 


1 


502 


-0 


441 


4885 


08 


Ti I 


1 


887 





358 


4913 


61 


Ti I 


1 


873 





160 


5016 


16 


Ti I 





848 


-0 


574 


5219 


70 


Ti I 





021 


-2 


292 


5866 


45 


Ti I 


1 


067 


-0 


840 


5953 


16 


Ti I 


1 


887 


-0 


329 


5965 


83 


Ti I 


1 


879 


-0 


409 


6258 


10 


Ti I 


1 


443 


-0 


431 


6261 


10 


Ti I 


1 


430 


-0 


479 


6743 


13 


Ti I 





900 


-1 


630 


7357 


74 


Ti I 


1 


440 


-1 


120 


6491 


56 


Ti II 


2 


061 


-1 


793 


6606 


95 


Ti II 


2 


061 


-2 


790 


6680 


13 


Ti II 


3 


095 


-1 


855 


4936 


34 


Cr I 


3 


113 


-0 


340 


5247 


57 


Cr I 





961 


-1 


640 


5296 


69 


Cr I 





983 


-1 


400 



Table Al - continued 



Table Al - continued 



A Element \ 

(A) (eV) 



A 

(A) 



Element \ 

(eV) 



5300.74 


Cr I 


0.983 


-2.120 


6344.15 


Fe I 


2.433 


-2.923 


5329.14 


Cr I 


2.914 


-0.064 


6469.19 


Fe I 


4.835 


-0.770 


5348.31 


Cr I 


1.004 


-1.290 


6495.74 


Fc I 


4.835 


-0.940 


6883.07 


Cr I 


3.440 


-0.420 


6498.94 


Fe I 


0.958 


-4.699 


6925.28 


Cr I 


3.450 


-0.200 


6574.23 


Fe I 


0.990 


-5.023 


6926.10 


Cr I 


3.450 


-0.590 


6609.11 


Fc I 


2.559 


-2.692 


6979.80 


Cr I 


3.460 


-0.220 


6627.55 


Fe I 


4.548 


-1.500 


7355.90 


Cr I 


2.890 


-0.290 


6703.57 


Fe I 


2.758 


-3.100 


7400.19 


Cr I 


2.900 


-0.110 


6713.75 


Fc I 


4.790 


-1.410 


4835.87 


Fe I 


4.103 


-1.500 


6725.36 


Fe I 


4.100 


-2.210 


4875.88 


Fc I 


3.332 


-2.020 


6726.67 


Fc I 


4.610 


-1.050 


4907.73 


Fe I 


3.430 


-1.840 


6733.15 


Fe I 


4.640 


-1.580 


4999.11 


Fe I 


4.186 


-1.740 


6745.97 


Fe I 


4.070 


-2.710 


5036.92 


Fc I 


3.017 


-3.068 


6750.16 


Fc I 


2.420 


-2.655 


5044.21 


Fc I 


2.851 


-2.059 


6753.47 


Fc I 


4.560 


-2.350 


5067.15 


Fc I 


4.220 


-0.930 


6786.86 


Fc I 


4.190 


-1.900 


5141.74 


Fc I 


2.424 


-2.190 


6806.86 


Fc I 


2.730 


-3.140 


5162.27 


Fe I 


4.178 


0.020 


6810.27 


Fc I 


4.610 


-1.000 


5217.39 


Fc I 


3.211 


-1.070 


6820.37 


Fc I 


4.640 


-1.160 


5228.38 


Fc I 


4.220 


-1.290 


6839.84 


Fc I 


2.560 


-3.450 


5285.13 


Fe I 


4.434 


-1.640 


6843.66 


Fe I 


4.550 


-0.860 


5293.96 


Fe I 


4.143 


-1.870 


6855.72 


Fc I 


4.610 


-1.710 


5373.71 


Fc I 


4.473 


-0.860 


6857.25 


Fe I 


4.070 


-2.150 


5386.33 


Fc I 


4.154 


-1.770 


6858.16 


Fc I 


4.610 


-0.950 


5389.48 


Fc I 


4.415 


-0.570 


6862.50 


Fc I 


4.560 


-1.430 


5397.62 


Fe I 


3.634 


-2.480 


6864.31 


Fe I 


4.560 


-2.290 


5398.28 


Fc I 


4.445 


-0.720 


6880.63 


Fc I 


4.150 


-2.250 


5472.71 


Fe I 


4.209 


-1.495 


6898.29 


Fc I 


4.220 


-2.230 


5522.45 


Fc I 


4.209 


-1.550 


6936.50 


Fc I 


4.610 


-2.230 


5539.28 


Fc I 


3.642 


-2.660 


6945.20 


Fc I 


2.420 


-2.460 


5543.15 


Fe I 


3.695 


-1.570 


6951.25 


Fe I 


4.560 


-1.050 


5543.94 


Fe I 


4.217 


-1.140 


6960.32 


Fc I 


4.590 


-1.900 


5546.99 


Fc I 


4.217 


-1.910 


6971.94 


Fe I 


3.020 


-3.340 


5576.09 


Fe I 


3.430 


-0.894 


6978.86 


Fe I 


2.480 


-2.490 


5584.77 


Fc I 


3.573 


-2.320 


6988.53 


Fc I 


2.400 


-3.420 


5636.70 


Fc I 


3.640 


-2.610 


7000.62 


Fc I 


4.140 


-2.130 


5638.26 


Fc I 


4.220 


-0.870 


7010.35 


Fc I 


4.590 


-1.860 


5641.43 


Fc I 


4.256 


-1.063 


7022.96 


Fc I 


4.190 


-1.110 


5662.52 


Fe I 


4.178 


-0.573 


7024.07 


Fe I 


4.070 


-1.940 


5691.50 


Fc I 


4.301 


-1.520 


7038.23 


Fc I 


4.220 


-1.130 


5701.55 


Fc I 


2.559 


-2.216 


7083.40 


Fc I 


4.910 


-1.260 


5856.09 


Fe I 


4.294 


-1.570 


7114.56 


Fe I 


2.690 


-3.930 


5859.58 


Fc I 


4.549 


-0.620 


7142.52 


Fc I 


4.950 


-0.930 


5862.35 


Fe I 


4.549 


-0.365 


7219.69 


Fc I 


4.070 


-1.570 


5916.25 


Fc I 


2.453 


-2.994 


7221.21 


Fc I 


4.560 


-1.220 


5930.18 


Fc I 


4.652 


-0.251 


7228.70 


Fc I 


2.760 


-3.270 


5934.66 


Fe I 


3.928 


-1.170 


7284.84 


Fe I 


4.140 


-1.630 


5956.69 


Fc I 


0.859 


-4.605 


7306.57 


Fc I 


4.180 


-1.550 


oy i d. i o 


re i 




1 9Qfl 


7/101 fiQ 


r a t 
re i 


a 1 on 
iyu 


— ± .ouu 


5984.81 


Fe I 


4.733 


-0.280 


7418.67 


Fe I 


4.140 


-1.440 


5987.07 


Fc I 


4.795 


-0.556 


7421.56 


Fc I 


4.640 


-1.690 


6003.01 


Fc I 


3.881 


-1.120 


7447.40 


Fc I 


4.950 


-0.950 


6024.06 


Fc I 


4.548 


-0.052 


7461.53 


Fc I 


2.560 


-3.450 


6056.01 


Fc I 


4.733 


-0.460 


7491.66 


Fc I 


4.300 


-1.010 


6078.49 


Fe I 


4.795 


-0.370 


7498.54 


Fe I 


4.140 


-2.100 


6137.00 


Fc I 


2.198 


-2.950 


7507.27 


Fc I 


4.410 


-1.030 


6157.73 


Fc I 


4.076 


-1.260 


7531.15 


Fc I 


4.370 


-0.640 


6187.99 


Fe I 


3.943 


-1.720 


7540.44 


Fe I 


2.730 


-3.750 


6200.31 


Fe I 


2.608 


-2.450 


7547.90 


Fc I 


5.100 


-1.110 


6315.81 


Fc I 


4.076 


-1.710 


7551.10 


Fc I 


5.080 


-1.630 


6322.69 


Fc I 


2.588 


-2.446 


7568.91 


Fc I 


4.280 


-0.900 


6330.85 


Fc I 


4.733 


-1.158 


7582.12 


Fc I 


4.950 


-1.600 


6336.82 


Fe I 


3.686 


-0.856 


7583.80 


Fe I 


3.020 


-1.930 



Table Al - continued 



A Element \ ^°S9f 

(A) (eV) 



7710 


36 


Fe I 


4 


220 


-1 


112 


7745 


52 


Fe I 


5 


080 


-1 


140 


7751 


11 


Fc I 


4 


990 


-0 


740 


7807 


91 


Fc I 


4 


990 


-0 


510 


7844 


55 


Fe I 


4 


830 


-1 


670 


7912 


87 


Fe I 





860 


-4 


850 


7955 


70 


Fe I 


5 


030 


-1 


110 


7959 


15 


Fe I 


5 


030 


-1 


180 


5264 


81 


Fc II 


3 


230 


-3 


120 


5325 


55 


Fe II 


3 


221 


-3 


222 


5414 


07 


Fc II 


3 


221 


-3 


750 


5425 


26 


Fe II 


3 


199 


-3 


372 


5991 


38 


Fe II 


3 


153 


-3 


560 


6084 


11 


Fc II 


3 


199 


-3 


780 


6149 


26 


Fc II 


3 


889 


-2 


800 


6247 


56 


Fc II 


3 


892 


-2 


329 


6432 


68 


Fe II 


2 


891 


-3 


685 


6456 


38 


Fc II 


3 


903 


-2 


100 


6516 


08 


Fc II 


2 


891 


-3 


450 


4806 


98 


Ni I 


3 


679 


-0 


640 


4852 


55 


Ni I 


3 


542 


-1 


070 


4904 


41 


Ni I 


3 


542 


-0 


170 


4913 


97 


Ni I 


3 


743 


-0 


630 


4946 


03 


Ni I 


3 


796 


-1 


290 


5003 


73 


Ni I 


1 


676 


-3 


130 


5010 


93 


Ni I 


3 


635 


-0 


870 


5032 


72 


Ni I 


3 


898 


-1 


270 


5082 


34 


Ni I 


3 


658 


-0 


630 


5155 


13 


Ni I 


3 


898 


-0 


650 


5435 


86 


Ni I 


1 


986 


-2 


590 


5462 


49 


Ni I 


3 


847 


-0 


930 


5589 


36 


Ni I 


3 


898 


-1 


140 


5593 


73 


Ni I 


3 


898 


-0 


840 


5625 


31 


Ni I 


4 


089 


-0 


700 


5682 


20 


Ni I 


4 


105 


-0 


499 


6111 


07 


Ni I 


4 


088 


-0 


830 


6175 


36 


Ni I 


4 


089 


-0 


559 


6186 


71 


Ni I 


4 


105 


-0 


960 


6191 


17 


Ni I 


1 


676 


-2 


353 


6223 


98 


Ni I 


4 


105 


-0 


970 


6378 


25 


Ni I 


4 


154 


-0 


830 


6586 


31 


Ni I 


1 


951 


-2 


810 


6767 


78 


Ni I 


1 


830 


-2 


060 


R779 
O it Z 


OZ 


Mi T 
IN 1 1 


O 


ODU 


— u 


you 


6842 


04 


Ni I 


3 


660 


-i 


440 


7001 


55 


Ni I 


1 


930 


-3 


650 


7030 


02 


Ni I 


3 


540 


-1 


700 


7110 


91 


Ni I 


1 


930 


-2 


910 


7381 


94 


Ni I 


5 


360 


-0 


050 


7422 


29 


Ni I 


3 


630 


-0 


140 


7525 


12 


Ni I 


3 


630 


-0 


670 


7555 


61 


Ni I 


3 


850 


-0 


046 


7574 


05 


Ni I 


3 


830 


-0 


610 


7715 


58 


Ni I 


3 


700 


-0 


980 


7727 


62 


Ni I 


3 


680 


-0 


300 


7797 


59 


Ni I 


3 


300 


-0 


820 


7826 


76 


Ni I 


3 


700 


-1 


870 


4810 


53 


Zn I 


4 


078 


-0 


170 



